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This paper presents a study on parameterisation methods for airfoil shape optimisation
within a CAD-based design optimisation framework. The objective of the paper is to study
the eﬀect of diﬀerent methods on airfoil shape optimisation when using computational ﬂuid
dynamics (CFD). Parameterisation of geometry is one of the essential requirements in shape
optimisation, and it presents further challenges when carrying out multidisciplinary design
optimisation, as it is critically important to maintain shape consistency between analysis
domains, while providing diﬀerent analysis models from the same CAD deﬁnition. It is
usually the case that there are numerous possibilities in deﬁning the parametric model,
and it will prescribe to a large extent the scope of the search space and landscape of the
objective function. This paper adopts design of experiments and optimisation approaches to
study several representative parameterisation methods in terms of ﬂexibility and accuracy
of the methods for aerodynamic shape optimisation.
I. Introduction
A
ircraft design is a complex decision making process and according to Raymer,1 can usually be broken
down into three phases, conceptual design, preliminary design, and detailed design. Aerodynamic design
occurs throughout these steps. Two diﬀerent approaches are often employed in the aerodynamic design: 1)
inverse design and 2) direct numerical optimisation. The ﬁrst method tries to solve for a geometry that
produces a prescribed pressure distribution. On the other hand, direct numerical optimisation methods
couple a geometry deﬁnition and aerodynamic analysis code in an iterative process to produce optimum
designs subject to various constraints. Depending on whether the goal is to improve on an existing design or
to create a completely new design, diﬀerent parameterisation methods are often required. If the new design
only requires small changes to the initial geometry, a localized parameterisation approach is often used. But
when conducting a study of a radically new concept, the parameterisation method needs to accommodate a
wider range of new shapes.
Airfoils have been represented in a number of diﬀerent ways in the past. For example, coordinates have
been directly used to ﬁt airfoil shapes using B-splines and Bzier curves2 via interpolation methods. Analytical
functions have also been derived to represent families of airfoils, for example, in the work reported by Hicks
and Henne.3 In a more recent work,4 Non-uniform rational B-splines (NURBS) were used ﬁrst to approximate
existing airfoils, then adopted as a general parameterisation method to be used in optimisation. The concept
of using relatively few orthogonal functions to represent a large number of functions has also been exploited,
for example in a work reported by Robinson and Keane,5 where a set of orthogonal functions was developed
using numerical methods. These functions were then used to represent a family of airfoils in a wing design
study. However, the basis functions derived by Robinson and Keane5 were believed to be dependent on the
particular familiar of airfoils. Although these numerically derived basis functions can be used in the design
of a particular set of airfoils, other airfoils may not be adequately represented using them.
The choice of parameterisation method, when coupled with optimisation techniques to ﬁnd desirable
shapes in terms of user-deﬁned objective functions and constraints, has a major eﬀect on the ﬁnal results,
eﬃciency and eﬀectiveness of particular search strategies. Giving the same CFD models, the parameterisation
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